Oxidation by iodine at pH 1.5, pH 7.0 with and without catalase and at pH 12.5, differentiated folic acid, 5-methyltetrahydrofolic acid, 10-formylfolic acid, 10-formyltetrahydrofolic acid and 5-formyltetrahydrofolic acid, when the products were assayed with Lactobacillus casei. This method is proposed as an alte rnative to differential microbiological assay for identifying folates.
Introduction
The methods commonly used for measuring folates in biological material a re microbiological (1) or radioisotope dilution assays (2) . The identification of individual folates is carried out using differential microbiological assays with L. casei, P. cerevisiae and S.faecalis (3) . This process is time consuming, requiring the maintenance of three stock cultures in appropriate culture media . High performance liquid chromatography (HPLC) using electrochemica l detection has been proposed as an alternative, however this is not yet a routine procedure (4). Bioautography, a method which combines chromatography and microbiological growth response, is sensitive, specific but qualitative (5).
Folates can be differentially oxidised (6), giving products some of which may be microbiologically active and others which are inactive. This may be utilised to differentiate between individual folates.
Materials and Methods
Folic acid was obtained from Sigma. 10-Formylfolic acid (10-CHOFA) was prepared by the method of 5-Methyltetrahydrofolic acid (5-CH3THF) was obtained from Eprova, Switzerland. 5-Formyltetrahydrofolic acid (5-CHOTHF) was a gift from Lederle. 10-Formyltetrahydrofolic acid (10-CHOTHF) was prepared by acidifying 5-CHOTHF, leaving for one hour at 25 "C in the dark then returning to neutral pH . Tetrahydrofolic acid (THF) was obtained from Eprova. The iodine solution was prepared by saturating a 2 gi l potassium iodide solution with crystalline iodine.
The Lactobacillus casei folate assay was carried out by a semi-automated method (8).
For iodine oxidation , 2.5 ml of 10 Jlg /ml solutions of folates were placed in 5 ml volumetric flasks. For acid and alkaline oxidation, 0.25 ml of 2M HCI a nd 2M NaOH respectively were added followed by 0.1 ml of iodine solution which was sufficient to provide an excess leaving the solution yellow. After one hour at 25 DC 0.05 g of ascorbic acid was added which made the solution colourless. The solutions were returned to pH 7.0 with M NaOH and M HCl and the volumes were made to 5.0 ml with 0.2M phosphate buffer pH 6.1. At pH 7.0 the oxidation was repeated with the addition of 0.1 ml of 5 gi l catalase immediately before the iodine. The experiments were repeated using manganese dioxide to replace the iodine solution, 0.1 g of manganese dioxide was added in the powdered form. After addition of 0.05 g ascorbic acid the material was centrifuged at 2000 g for three minutes. THF was oxidised by iodine at acid and neutral pH and the pterin formed was quantitatively measured by HPLC (9) .
Results
The findings of the microbiological assays are given in Table 1 . With iodine at neutral pH the activities of folic acid and 5-CHOTHF were consistently reduced to 5% and 30% respectively. 5-CH3THF had an intermediate activity at 50-70% whilst 10-CHOTHF and 10-CHOFA showed almost 100% activity.
Under acid conditions 5-CH3THF retained less than 10% of its original activity whereas the other folates were unaffected. At alkaline pH, 10-CHOFA again proved to be completely stable. Folic acid and 5-CH3THF had 50% residual activity. 10-CHOTHF and 5-CHOTHF fell to 10% and THF gave 100% pterin at acid and neutral pH.
Treatment with catalase afforded some protection against oxidation at pH 7.0. 5-CH3THF increased from 70% to 100% activity.
Iodine and manganese dioxide gave similar results at all three pH levels, therefore only the figures for iodine are quoted.
Discussion
Tetrahydrofolic acid (THF), 5-CH3THF and 10-CHOTHF and their polyglutamates are the major components of the normal folate metabolic pool in man. Folic acid, 5-CHOTHF and 10-CHOFA are not natural constituents of normal folate metabolism. The ability to identify folate analogues following iodine oxidation at acid, alkaline and neutral pH using Lactobacillus casei is confirmed and is potentially of clinical use. By varying pH , selective inactivation occurs leaving other analogues unaffected and therefore available for Lactobacillus casei in the assay. Subsequent treatment with conjugase would further enable the identification of polyglutamates.
All five folates used in this study gave responses which could be used to identify them. Folic acid and 5-CH3THF show no activity after neutral and acid oxidation respectively. 10-CHOFA can be identified because its activity remains unchanged under all the conditions tried . To separate 5-CHOTHF a nd 10-CHOTHF is more difficult as they show similar responses. However, with neutral oxidation and the addition of catalase, 5-CHOTHF has 30% activity whilst 10-CHOTHF does not lose any activity. THF is rapidly and totally oxidised to pterin at pH 7.0 by iodine in potassium iodide.
